Background Many patients with rheumatoid arthritis develop superior migration of the humeral head because of massive cuff tears, causing loss of active motion. Reverse shoulder arthroplasty could potentially restore biomechanical balance but a high incidence of glenoid failure has been reported. These studies do not, however, typically include many patients with rheumatoid arthritis (RA) and it is unclear whether the failure rates are similar. Questions/purposes We therefore (1) evaluated pain relief and shoulder function after reverse arthroplasty in RA; (2) compared results between primary and revision procedures; (3) determined the incidence of scapular notching; and (4) determined the complication rate. Methods We identified 29 patients with RA who had 33 reverse arthroplasties from among 412 patients having the surgery. Six patients were lost to followup. Twenty three patients (27 shoulders) were evaluated after a minimum followup of 18 months (mean, 56 months; range, 18-143 months), including 18 primary and nine revision arthroplasties. All patients were evaluated preoperatively and 23 shoulders postoperatively by an independent physiotherapist and four were assessed postoperatively by phone. Level of pain, range of motion, and Constant-Murley score were recorded and new radiographs taken.
Introduction
Standard shoulder arthroplasty, hemi-or total, improves function and relieve pain in patients with rheumatoid arthritis [3, 6, 21] . However, patients with an intact rotator cuff have experienced better pain relief and greater improvements in ROM [21] .
The reverse shoulder arthroplasty was designed to treat cuff tear arthropathy, ie, a condition with massive rotator cuff tears and destroyed joint surfaces [2, 9, 10] . In patients with cuff tear arthropathy and resulting pain who are unable to raise their arm above shoulder level (pseudoparalysis), reverse arthroplasty can restore function and reduce pain [2, 4, 7, 9, 18, 20, [22] [23] [24] . The combination of destroyed joint surfaces and cuff deficiency can be seen in many pathologic conditions, including cuff tear arthropathy [4, 7, 22] , Milwaukee shoulder [1] , inflammatory diseases such as rheumatoid arthritis [12, 13, 15, 22] , and massive degenerative rotator cuff tears [9, 17, 22] .
Lehtinen et al. [12] followed 74 patients with rheumatoid arthritis for 15 years and concluded that progressive upward migration of the humeral head is an inevitable consequence of the disease and indicates progressive rotator cuff failure. Therefore, patients with rheumatoid arthritis develop a condition similar to cuff tear arthropathy and could have better pain relief and ROM with a reverse arthroplasty compared with anatomic arthroplasty. Three studies [15, 16, 25] have reported outcomes from a total of 30 patients who have undergone this procedure. Significant improvement in range of movement and painrelief were observed but a high incidence of glenoid loosening or radiographic lucencies raised concerns for the longevity of the glenoid component. Degree of painrelief and improvement in shoulder mobility after primary reverse arthroplasty in cuff tear arthropathy have been better compared with those after revision of failed anatomic to a reverse arthroplasty [4, 12] . However, no studies have specifically reported revision of failed anatomic arthroplasties to reverse arthroplasty in patients with rheumatoid arthritis.
We therefore: (1) analyzed the clinical results (pain relief and shoulder function) after reverse arthroplasty;
(2) compared results between primary and revision arthroplasties; (3) determined the incidence of scapular notching; and (4) determined the rate of complications in a series of patients with rheumatoid arthritis.
Patients and Methods
Between June 1995 and May 2008, we performed 412 reverse shoulder arthroplasties (Delta III or Delta Xtend; DePuy, Leeds, UK). The indication for performing the reverse arthroplasty was a combination of arthritic changes in the glenohumeral joint and rotator cuff insufficiency in all patients. We identified 29 patients (33 shoulders) with rheumatoid arthritis and massive rotator cuff tears. There were 22 women and seven men with a mean age of 68 years (range, 45-80 years) at the time of surgery. There were 24 primary and nine revision procedures (revision of failed anatomic arthroplasty). Twenty-five of the shoulders had a Delta III reverse arthroplasty, whereas eight had the more recent Delta Xtend. Six patients were lost to followup. One patient did not want to participate in the study and one patient had a recent stroke and therefore could not be evaluated. Four patients had died. Thus, 27 shoulders were retrospectively evaluated; 19 patients (23 shoulders) had a complete physical examination in the clinic, whereas four were assessed by phone. The minimum followup was 18 months (mean, 56 months; range, 18-143 months). There were 18 primary and nine revision procedures (eight hemiarthroplasty and one total shoulder arthroplasty). The mean time from the primary arthroplasty to revision was 5 years (range, 2-16 years) and the indication for revision was massive rotator cuff tear with pain and pseudoparalysis in all cases.
Preoperatively, all patients were evaluated by a physiotherapist and ROM, pain (subjectively measured on a 10-graded visual analog scale [VAS], in which 10 is the worst possible pain), and Constant-Murley score [5] were recorded. Rotation was measured according to Constant-Murley (maximum, 10 points). Plain radiographs and CT scans were performed in all patients before surgery and interpreted by one of the authors (AE). All patients had massive irreparable cuff tears visible on CT scans. Radiographs were classified according to Levigne et al. [13, 15] as: concentric type without glenoid erosion (C1) and with glenoid erosion (C2), ascendant type without erosion (A1) and with erosion (A2), and destructive type without erosion (D1) and with erosion (D2). Preoperative classification of the 18 primary cases showed no patients with C1, four with C2, seven with A1, three with A2, three with D1, and one with D2.
The Delta total shoulder is a reverse ball and socket arthroplasty. The glenoid component of the Delta reverse arthroplasty consists of two parts. A ''metaglene'' component (small round plate with a central peg) is attached to the glenoid surface with up to four screws. A large hemisphere (36 or 42 mm) can then be attached to this plate. The center of rotation is medialized and located at the bone-implant interface. The humeral component is modular and available for cemented or cementless fixation. A plastic polyethylene insert can be attached to the humeral component. Various heights and depths (standard or retentive) are available for optimal soft tissue balancing.
All surgeries were performed by a senior surgeon specialized in shoulder surgery (AE). All patients were operated on in the beach chair position. Antibiotic prophylaxis (cloxacillin; Stragen Nordic, Stenløse, Denmark) was given for 24 hours in all primary cases and for 3 days in revisions. The first dose of antibiotics was given 30 minutes before surgery. In case of allergy, clindamycin (Stragen Nordic) was used. In primary cases, a superior deltoid split was used, but in revisions or if a structural bone graft was needed on the glenoid side, a deltopectoral approach was preferred. If the deltoid split was used, the remaining rotator cuff was not detached. If the deltopectoral incision was used, the subscapularis, if present, was cut and not reattached at the end of surgery. The metaglene was placed in a low position and in all cases; we aimed to use an inferior screw at least 36 mm in length, preferably 42 mm. The superior screw was aimed at the base of the coracoid process and placed bicortically. Four screws were used in all metaglene components. All humeral components were cemented and the standard position was neutral rotation, ie, no retro-or anteversion. No retentive polyethylene inserts were used. Stability was subjectively assessed during surgery and was considered adequate if three criteria were met: no laxity between components when the arm was pulled downward, only slight opening (2-3 mm) between the glenosphere and polyethylene insert when the arm was placed in extension and external rotation, and no or minimal opening between components laterally when the arm was placed in maximum adduction. The resected humeral head was used as the bone graft to reconstruct the glenoid in four shoulders with severe bone loss ( Fig. 1 ). Two patients with superior defects (A2) and one patient with severe central erosion (C2) had a structural bone graft on the glenoid side. In one patient, pieces of the head were impacted in a central contained defect on the glenoid surface. The three structural grafts were temporarily fixed with Kirschner wires, whereas the definite fixation was achieved using the same screws that fixed the metaglene. In one patient, bone cement was used to augment fixation of the inferior screw and to fill a small defect on the glenoid.
A standard rehabilitation protocol was followed. If the superior deltoid split was used, the patient had a sling for 2 weeks but passive ROM was started the day after surgery. After 2 to 3 weeks, assisted active ROM and the use of the operated arm for activities of daily living were allowed. After 4 weeks, free active ROM was started. If a deltopectoral approach was used, the patients were allowed immediate active ROM as much as pain allowed. Regardless of the type of incision used, the patients were told not to use the operated arm when they pushed themselves upward from sitting to a standing position for the first 6 weeks after surgery.
Our routine followup for all reverse arthroplasties is clinical and radiographic evaluation at 1, 2, 5, and 10 years. For this study, the 23 patients available for followup were asked to have their operated shoulder clinically assessed by the same physiotherapist (RN) as for the preoperative assessment at an additional visit and to have plain radiographs taken to maximize the duration of followup. The active ROM was recorded as well as pain, activities of daily living, and Constant-Murley score. Patients were also asked what shoulder function they had using Single Shoulder Value (SSV) [8] , in which 100 is a normal shoulder. All postoperative radiographs were taken under fluoroscopic control to provide a true AP film for assessment of the degree of notching. If recent radiographs had been taken (less than 1 year old), these were used for the radiographic evaluation. The radiographs were analyzed by one investigator (AE) looking for signs of loosening or scapular notching [14, 17, 19] . All 23 patients available for followup had radiographs of good quality with a mean followup of 45 months (range, 6-143 months). Any complication that had occurred during the followup period was recorded.
Four patients did not want to come for an extra visit and were assessed by telephone by a physiotherapist (RN) and an orthopaedic surgeon (AE). Function was evaluated by the SSV and the subjective questions in the Constant-Murley score, pain by the VAS, and ROM by asking them how they could move the arm in different directions. One investigator (AE) evaluated all radiographs at last followup [14, 17, 19] . In all cases, this evaluation agreed with the assessment of the degree of notching and potential signs of loosening given in the routine report performed by a trained radiologist in our Department of Radiology.
We determined differences between pre-and postoperative pain, ROM, and Constant-Murley score using the nonparametric Wilcoxon signed rank test. We used the Mann-Whitney test for comparing pain and Constant-Murley score between primary and revision cases at followup. SPSS Version 7.5 (SPSS Inc, Chicago, IL) was used for all analyses.
Results
Overall, pain relief and improved ROM were seen in this series of patients (Table 1) . Preoperative pain on the VAS scale was reduced (p \ 0.001) from a mean of 8.0 before surgery to a mean of 1.0 at last followup. Eighteen patients were pain-free. Active flexion improved (p \ 0.001) from 33°to 115°and abduction from 26°to 103°, whereas Constant-Murley score increased (p \ 0.001) from 13 to 52. Functional external rotation improved (p \ 0.001), whereas no change (p = 0.15) in internal rotation was observed. Five patients had slightly worse internal rotation at followup compared with before surgery. Primary arthroplasties had better (p = 0.03) function than revision cases. The mean Constant-Murley score was 57 ± 13 compared with 43 ± 15. There was a nonsignificant tendency (p = 0.15) toward a higher SSV in the primary arthroplasty group (85 ± 16 versus 64 ± 26 in revision cases). There was no difference (p = 0.6) in pain relief at latest followup (postoperative VAS: 0.8 ± 2 in primary procedures versus 1.3 ± 2 in revisions).
Notching of various degrees was seen in 52% of the 23 shoulders with good-quality radiographs. There was no notch (Nerot 0) in 11 patients, a slight notch (Nerot 1-2) in one patient, a moderate notch (Nerot 3) in seven patients, and a notch above the inferior screw in four patients (Nerot 4). All patients with a notch above the inferior screw were pain-free.
No loosening of the glenoid or humeral component was seen and the overall complication rate was 15%. There were three complications (11%) that needed revision and one preoperative rim fracture of the glenoid that occurred during reaming of the glenoid surface. These patients were operated on early in the series (more than 9 years ago) and all with the older version of the Delta reverse arthroplasty (Delta III). The clinical findings for these four patients are included with those for all patients. The three revisions were further analyzed. One patient started to have instability 5 years after surgery as a result of wear of the polyethylene insert and underwent revision. The worn insert was replaced with a new insert plus a lengthener and the shoulder has been stable since revision. The Constant-Murley score at followup was 47. One of the patients who underwent revision developed a deep infection within the first year. A successful two-step revision was performed and the Constant-Murley score at followup was 48. The third patient who underwent revision reported severe pain for 6 months at the time of followup (9 years after surgery). CT scans and plain radiographs showed no loosening and the Constant-Murley score was 15. Exploration revealed breakage of the central screw connecting the metaglene with the glenosphere. The metaglene was well fixed but had to be revised because of the broken screw (Fig. 2) .
Discussion
Many patients with rheumatoid arthritis develop rotator cuff deficiency similar to cuff tear arthropathy [12] . Reverse arthroplasty could be the best strategy for these patients because this procedure can restore function in rotator cuff-deficient shoulders. Published series of reverse shoulder arthroplasty in patients with rheumatoid arthritis are small, and high failure rates on the glenoid side have been reported; furthermore, there are no series describing the revision of failed anatomic arthroplasties [15, 16, 25] . Therefore, we analyzed clinical results, including a comparison between primary and revision procedures, incidence of notching, and rate of complications, in a series of reverse shoulder arthroplasties in patients with rheumatoid arthritis.
We acknowledge limitations to our study. First, it is retrospective, and the relatively small number of patients and lack of control group makes it difficult to formulate strong conclusions. However, it is difficult to collect a large series of patients with rheumatoid arthritis undergoing a reverse shoulder arthroplasty, because most patients with rheumatoid arthritis needing an arthroplasty have a functional cuff and can be treated with a standard arthroplasty. Therefore, this report provides the largest study of reverse shoulder arthroplasty in patients with rheumatoid arthritis to date. Second, it is a mixture of primary and revision cases and the patients had various degrees of bony deficiencies on the glenoid side. However, a detailed analysis of clinical results in the different subgroups was not performed as a result of the small patient numbers. Third, the mean followup is 5 years and complications including loosening and wear are likely to increase over time.
In the present study of 27 shoulders with rheumatoid arthritis, two-thirds of the patients were pain-free at followup and all but two could raise their arm to shoulder level or above. The Constant-Murley score increased to 57 in primary cases. These findings are similar to those of Rittmeister and Kershbaumer [16] , who described seven patients with rheumatoid arthritis (eight shoulders) with a postoperative Constant-Murley score of 63 after a mean followup of 54 months. Woodruff et al. [25] reported on 13 shoulders with a postoperative score of 59 after a mean followup of 87 months. However, our scores are slightly inferior to some that have been reported in patients with cuff tear arthropathy with Constant-Murley scores of up to 60 to 65 (Table 2) [4, 7, 11, 18, 20, [22] [23] [24] .
Reverse arthroplasty for the revision of failed anatomic arthroplasties has been reported to provide inferior functional scores compared with primary reverse arthroplasty in cuff tear arthropathy (Table 2) [4, 22, 23] . This is in accordance with the Constant-Murley score of 43 in our patients with rheumatoid arthritis who received revision reverse arthroplasty. However, in our study, pain relief was similar in primary and revision cases, and pain is usually the main indication for performing the surgery. Thus, the lower Constant-Murley score in patients who underwent revisions resulted from less improvement in ROM and subjective functional variables compared with patients who underwent primary procedures. In contrast to our finding, Boileau et al. [4] reported less pain relief in patients undergoing revision compared with patients with primary cuff tear arthropathy. The reason for this difference is unclear. However, in our series, all surgeries were revised because of progressive cuff failure, whereas the reasons for revisions in the report by Boileau et al. were multifactorial [4] .
Radiographic analysis showed scapular notching in 52% of the 27 shoulders. Levigne et al. [15] reported a notch in four patients (50%). However, the other two previous series of patients with rheumatoid arthritis did not report on notching. The clinical effect of scapular notching remains unclear. A negative impact on Constant-Murley score has been reported [19, 20] , whereas other series have not found any correlation between the degree of scapular notch and level of pain or shoulder function measured according to 23] . Longer followup is needed to determine whether the notching process leads to component loosening. The finding in our series that all four patients with a notch above the inferior screw were painfree is encouraging.
We found no glenoid or humeral loosening but an overall complication rate of 15%, and three of the four complications needed revision surgery. This is in accordance with the literature describing reverse arthroplasties in other etiologies, in which Wall et al. [23] reported a complication rate of 19% in a series of 191 reverse arthroplasties. Dislocation and infection were the most common complications. In a series of 58 primary procedures in patients with massive cuff tears, Frankle et al. [7] found a complication rate of 17%. However, complication rates as high as 50% and revision rates of 33% have been reported [24] . Earlier studies on reverse arthroplasties in patients with rheumatoid arthritis have reported a high incidence of glenoid failure and radiolucencies on the glenoid side [16, 25] . Both of these reports raised concerns regarding the ability to achieve good glenoid fixation in patients with rheumatoid arthritis. In our series, all glenoid components were fixed with four screws for the duration of the study or until revision was performed for other reasons. This could have contributed to the absence of glenoid loosening or radiolucencies. Furthermore, we found that revision of a failed reverse arthroplasty can be successful. In two of the three revised patients, the outcome at 6 and 8 years after revision was satisfactory. The third patient, who underwent a recent revision for the broken screw, cannot be evaluated yet.
In conclusion, we observed a substantial improvement in Constant-Murley score after reverse arthroplasty in patients with rheumatoid arthritis. Our clinical results and the incidence of complications after a primary reverse arthroplasty in patients with rheumatoid arthritis were similar to those seen in patients with cuff tear arthropathy. Even in revisions, improvement was seen and pain relief was as good as that recorded after primary procedures. However, in patients with rheumatoid arthritis, bone loss on the glenoid side can be severe and surgery therefore challenging. No loosening of components was seen. However, the mean followup was only 56 months and further studies are needed to determine long-term survival of the implant in this patient group. Age must therefore be taken into consideration when considering a reverse arthroplasty [11] . If an elderly patient with rheumatoid arthritis has pain and poor active ROM (pseudoparalysis) as a result of arthritic changes and a massive cuff tear, a reverse arthroplasty should be considered.
